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Thanks for your air letter of the 30th Mar, and for 
suggestions in it about paper0 The paper went in in t e i!i middle 
of Nay, and was accepted after some weeks m, cogitation. I just 
managed to get the typescript back yesterday, the editors have h..-:;/, 

/p 4L.L '>"\. f [<+/only a few minor alterations of wording, I have been over it 
again and have dealt with all the points you mention (except ones 
where the matter criticised has beencut out anyway). I enclose 
a few pages which I had retyped, I gather the stuff goes to the 
yinters in a few days, but if you see anything that should be 
corrected in proof I hope you will point it out. 

I saw Felix today to let him look over at his 
request, the b:ts in which he is quoted. All went ~411 as to 
this,, I have restored the "Dr." etc., he agreed that the new 
wording re B Vi was more suitable; he rather wanted me to put 
in a bit about how stable Glasgow 0 was as indicated by use in 
serodiagnosis, etco but agreed it was non-essential. Actually he 
was quite affable, though I always approhch these interviews with 
some trepidation. He was very disappointed to hear you are not 
going to.be at Home* 

Kauffmann has toldme about his and your strains which 
acquired I at the same time as an H antigen, this is a surprising 
thing. It would be interesting to try and get a I - form of 
SL13, ser al enrichment in broth with ant?.-1 as worked out by 
Clive S O?.J to work t one would then perhaps be able to get triple 
transfers "(if the I'is really a transduction, not selection of 
I+ mutant), I saw Rive today, seems well, not doing any trans- 
duction stuff as heainvolved in locum duties, 

(K. &d - 'I(lr, L 5Ll3J 

It seems that 
I have done a few more micro-manipulation experiments0 

the majority& or half anyway of motile cells picked 
early (about 3 hours at 37 after mixing with phage) give rise, 
when incubated at room temperature to the equivalent of more than 
1 trail, The maximum so far is the equivalent of $7 



rh& trp&.&i+. -Ln& +I+- 4J.L e M4&& 4A45-L t-u WT.) p-- ~k3v k- 
trails from one cell, It is nov? clear that there is a discrepancy 
with results on semi-solid medium at 37' on which I am no longer 
satisfied that I can get even twin trails with the same combination 
(TM2 - x Sw541). Have done a few experiments using semi-dolid 
agar (no gelatin) incubated at 23', but again no definite multiple 
trails. I suspect reason may be that cells concerned are insuff- 
iciently motile to move through soft agar, from a sort of dose 
effect. Possibly also the disintegration of clump of replicated 
chromosome fragment only occurs at low temperature. All this is 
on the assumption that there is either normal or no replication 
of the imported gene; it's hard to believe there is an inter- 
mediate cond4tion. Also so far as the results go $here is no 
evidence yet of segregation of motility preceding ~(;‘"h~.c~'l,;,~,-~‘ ; 
I have separated products of first division after isolation of 
various cells, two or three of which gave all (or nearly all) 
motiles from both progeny, never motiles from one and non-motile 
from the other; some of these single-cell isolations were made 
using non-log-phase cultures, so that the population at the time 
the cells were captured was only about X2 that present when 
phage added* This Es difficult to account for on a multi-strand 
theory. Maybe there is a master strand which can pafr with chromo- 
some and a lot of others which can't. A propos this $ have you 
seen any significant instances of swarm arising from a trail? 
I have seen it several times, but inretrospect I suspect that it 
may have been mutation, as the most clear-cut case was in SW'573, 
where the trail was probably made of paralysed but H mutants. 

Another odd thing is that either gene is more than 
5-plicate at times, or else phenotypic lag can be up to 5 generat- 
ions, for in one of the cases where I had 5 trail-equ3 valents I 
picked 18 motile cells from a drop and got only non-motile progeny 
from them allo Nortality still a nuisance, even in lysogenic 
recipient. 

I don't understand what you say (May 30th) about tri- 
phasics, but the *V-O of your and Edwards paper has just 
arrived, ber@aps I will grasp it after reading that, 

A/ w QJ-k * 4a kyL,i&y, 2-v-7, 4 zz;c 
&d-* ~-W, - c?67-. 7~~k&,& &&q 



so that motile etra%na upread through it as they grow; but 

beoauae of Its high E;elatln content it aolLdLfiea at room 

temperature. To eoonmise materiala, thirs medium wala used in 

6 csm. Petrd, dishes, about 10 ml. per dtsh. Snoeulatrrd plsltis 

were lnoubated unlnver ted for 10 to 18 hr#, at 37", allowed 

to solfdify at room tttmperaturtb and examfned for swarms or 

othtsr evidence of baotsrlhal movema,nt by tnrperotion with a 

plate microsoopg and obl2que transmitted light. In platea 

inuubated for 10 hr$. Lllloarms were usually only about 3 om. in 

dbmeter and, if not num8rouf31 wsrcB atill disorete. But aftrsr 

38 hr. inoublation even 6~ single aidarm wor.18 generally have 

upread Bight acroa~ the plate. ! 3 i‘ 1 

solfd agar was sW.otly oonfined to the alti of ino#klation, 

even when incubation at 37O was oantinued for 48 hr. or 

spontaneous sfltarms whtah on sub-culture WWQ) found to oonsist 

of atable, motile, H-agglutinable mutants. In many auoh 

atrains th9.s mutation was a rare event, so that only a few 

plates ohowed swarms. Zn others the mutat3,on was more frequent, 

txo that most or a3.1 plates showed apontanaous awarma, but they 

usually appared rather Iat@, that %.s Tntir than the 12 th hour 

of incubation; this pransumably Indicates that only after 

Several hours of inoubatlon waa the population of oella large 

enough, in relation to the mutation rate, for there to be rnoxvt 

than a small probability of a mutation oucurring., 

<A few Q stialnar w8r8 dlsoarded beoauae of their lnconvsnfent3.y 

high rate of mutation. 

s l ty-phimurlulq 0 strain SW545 grew on the eurfuas of 

the semi-solZd medLum at the site of Znooulation and alno 

produced large numbers of micro-oolonlss, singly or In small 



groupa, one mm. or Leas below the erurfaca of the agar (Pl. 1, 

Ffig. 2). sub-culture from these colonies yielded only stable 

0 forms similar to the origLna1 @train, and indeed H mutanti 

have never been obtalnad from atrain 3545. Thfa phenomenon 

la being further investl,grated, but it 86clma probable that it 

reaulta from the spontaneous ooourreno6 tn this strain of a 

~rysnall fraution of aella whioh twe motile, and Bmrefors, 

migrate through the a&se, but whioh produo@ only non-motile 

wew. Mlaro-oolonisa separate from and deep below the 

sit@ of inodulation have been mm in aeveWa1 other 0 &r1Btins, 

but in ama3her numberrr than Zn W546. 

The oentra~l, tpnd therefore, presumed poLnt of origfn, of 

a ~1varm was frequently ocoupisd by a.n area 0% a f@w mm, 2n 

diameter in whioh there wa8 a dense orowd of micro-colonies, 

of dlameterla LnverslEsly related to their d2stanoa from the 

oantm of the area, Thla appearanoe # whioh ie Llluatrated 

in Ul. 1, flig. 3, ~211 be termed a “flme”, Numerous sin&e- 

aolony isolatLons frm flares crowded with mNro-coloniea 

always gave tttabls motlls cul’;ures slmilttr to %I.oee obtained 

from the periphery of the swarm, whiah IndEoatea that th@ 

mioro-bolonlss oonsiat of crslls whioh give rfse to mot%ls 

progeny. FZamar have also been obtafned by lnoaulating a few 

oellsa of czertaln partly rough motile stralaa onto scsmb-solid 

agar. The mecthranlssn of the3 formation of m%oro-oolonier ne8r 

the potnt of 0rigEn of swarm8 is not olsarj the trapping 

of motile ~11s amongst ager fibrila perhapr plays a part, but 

partial roughness or other phy9iolo,#cal or gensttio factors 

which hinder the progreesion of the initial matiLe cells may 

be involved. 

'I'& appemalnos of non-mot33 strains grown on semi-solid 

agar han remained oonstant from experiment to experiment. 

V&en a strain waer treated wfth phage 22 propagated on that 

same strain, the behaviour of the phege-t-related calls, 88 to 



produatfon of swarms or isolated deep colon2ea, was exam tly 

the same a8 that of the untreated oultura. This would be 

predicted if pb&e in itself has no effeot on hereditary 

properties, auoh as motility, but oan carry aoroc5s genetlo 

ma~rial from its last host; w&n thts getnetS matirial of 

the Last host and the reoipient iet fdeentioal, its transfer 

from the one to the other will have no dsteotable effect. 

Bat,havlour of non-mot25e e 
traneduoinu lyeate pd 2. 

fn toate for tianaduotion of motility a broth oultur~ 

of a non-motile strain was incubated wtth an equal volume 

of a lyaate for 30 mln. to allow phage absorption. Three 

loopfuls of t?le mixture, ar the whole of the deposit obtained 

by oentrifug2ng 1 ml. of the ml.xture, were then plaoed on 

aeml-solid agar and incubated at 37' for 10 to 18 hr. ?.be 

appearancras proUuaed when transfc tiol;l of ma till ty oocurred 

are illustrated in Pl. 1, fig. 4, which may be oonpared w'ith 

Pl, 1, fig. 1, which Bhows the same reuipient stra2ln plated 

without phage treatment. with combinations auah as that 

illustrated, the inooulated area was ocoupied by dense growth, 

and surrounded by a wide border of oonfluent swarming which 

extended throughout the depth of the agar; when 8 smaller 

number of phage-treated ce1l.s were inoculated, thi.a contin- 

uoue border was replaoed by dlsoret;e swerma (Pl, 1, fig, S). 

The oentrea of the swarms were sometimea marked by flares, 

atl deeoribad in the pravlous section. Unlike apontaneoua 

8warm8, tLebt9 inducted awarm were for the most part well 

developed by the 18th hour of incubation. Sub-culture from 

the edge of a swarm always gave IB pure growth of RIO t;lZe 

organiama, and rtlotL35ty was retained on further sub-oulture. 

The growth obtiined by sub-culture from the marma differed 

from the parent non-motile strain by its motility and B 

agglutinability, and, 



amounts detestable by agglutination tests) and oarry shags B2 

only. This evidsnoe is not unequivocal for the Isolation of 

both V-poa3.tlve and V-negative strains from the sax18 patient 

(Kauffmann, 1934) augl;sata that antigen V may apboard Qr 

dieappear by mutation; and strains may be made lysoganic for 

phage A2 in the laboratory, and presumably th::refore thier my 

also oc3our in nature,. 1% is theretfore unosrtain whether this 

group of 0 etrains ar6t all derived from a oommon 10 mcmakm, 

or whether they have artarm cm two or more omasLonrp by 

mutations perhaps affaating t1.e same gene. 

'BB high frsquenay with whloh lyaater of 0 strains render 

motile otfm 0 straina mPght suggest that the production of H 

forms under t~:eae rzonditiona is not dependent on the transfer 

of @netto material from the lyaed ~ltral.n, aa has been argued 

above, but ia a consscganae of exposure of an G atram to phage 

22 grown on w heterologoua host. However phaga grown on R 

srpontmsou8 Ii mutant of c) atrain SW543 evoked numerous swarm8 

from its p*ea parent 0 atrain, Slmllarly a Pyaate of an 

induoed H form obt;ained from 0 strain SL18 evokt4d swams from 

fts parcsnt 0 strain. In aaoh ease a lysati of the 3 strain 

itself had no affeot. Tests with other C strains and their 

spontaneous or induoe8 II derivat3,ves have given similar resulta. 

taoh of tI.eae H dorlvativea, ao far as we know, differed from 

lta 0 parent only by the pmsenoe of flagella, and of tie gane 

dst@nnlning this; but phage grown on the Zi darrIvat%vs could 

oonfer motZlS.ty on t:le 0 pasent, Thus m~tflity may rasult 

from etxposure of an o strain to phags grown on a strafn which 

is not an unrelated atrain, provided that it possesses the 

gene elch 1s lackzIng in the reofpisnt 0 strain. 



FJage11ar Antl,gen&c Pharm Latqnt In Cell8 of 0 Stralnr 

Motile forma of S, tDhlmurlq, obtained from 0 strains 

by tranaduotion, underwent d IphasLc flagellar varldl tlon 

exactly a8 do normal H oultureer of S, tyahimur%um. ?he first 

ctultura from any on@ swarm gave growth which was agglutinated 

rstrongly by antiserum for one of the two H ant-lgens, makly 

or not at ~11 by antlmrum for the otkmr; that la, the swarm 

was (predominantly) In one phase. The phase of lndwed 

swarms wao dstermlnsd by the rsoiplent 0 oulture, and not by 

the Induelng lysate. Thia was demonstrated by treating elngle 

oolony broth aultures of 0 atralna with Lysaterm of @sat-L of a 

number of different strains. In each aueh experiment all or 

nearly all of the swarms resulting from tianeduotion (or 

arising 3% by rtpontaneours mu tation), proved to be in one and 

the same flagellar phaee, even when the I.ysatcs usm3 was made 

from an II strain known to have been qlmoat entfmly in the 

oppoal te phase at the tic@  of lysls, A single aolony bro'th 

CultUre, a8 uRed in theae experlrr6nta, would hive been derivsd 

from on6 ~11 by a srnsl1 number of generations, and would 

therefore be nearly homogeneous, even for a uharaoter whlah, 
: : 

like flagellar antlgonlc phase, mutatea at a very high rate 

(Soaker, 1949). Ce3.l.s of an (1 8traln may Won be aonsidered 

to be in one flagellar antlgonic phase or the other, though 

this oharaoter 1s unexprcPsaed In the absenoe of flagella. 

Bxperimonts on Non-Eot1.e FILaAelXated ("ParalyaedR) Straina 

All motile Salmonel& strains have flagella, but several 

non-motfle fla gellated strains have been reported ( 

Colquhoun h KlrkpartlGk, 1932; Ytauffmann, 1939; E'dwards, 

Xoran 8: Bruner, 1946; Hirsch, 1947; Prew Priewer & Lelfaon, 

1962). Hlrsch'a strain of S. paraty-phi B and Friewer & 

Leffsont s strain of 3. t;gnhLmurium 


